Background
==========

Primary bone cancers are rare. They constitute approximately 7% of all cancers in children. The highest incidence is in the second and third decades of life. The most commonly found cancers of the developmental age include osteogenic sarcoma and Ewing's sarcoma. Other cancers, including chondrosarcoma, malignant vascular tumors, osteoclastoma and malignant fibrohistiocytic neoplasms occur rarely. A common tumor found in the second decade of life is the benign osteoblastoma, which can also become malignant and cause pulmonary metastases (aggressive osteoblastoma).

The following imaging studies can help diagnose and stage bone tumors:

-   Plain radiography -- performed in two planes. It assesses structural changes of bones (injury, neoplasia, periosteal reactions characteristic of cancer).

-   Ultrasonography -- assesses soft tissue involvement, tumor vascularity, relation of the tumor to blood vessels, lymph node enlargement

-   Computed tomography (CT) -- precisely assesses the presence and scope of bone damage, new bone formation, periosteal reactions and involvement of surrounding tissues and bone marrow

-   Magnetic resonance imaging (MRI) -- the preferred modality, as it can precisely assess bone marrow involvement and is not associated with radiation exposure and iodinated contrast agents

-   Bone scintigraphy -- it is sensitive but not specific, used for the assessment of local tissues around the tumor as well as to look for local and distal metastases.

The above-mentioned methods are used for diagnosing, treating and monitoring of osteoarticular tumors after treatment. They assess healing, complications and recurrence.

The basic imaging studies include plain radiography in two projections and ultrasonography of the limb. MRI and CT are used in order to further assess the involvement of bone marrow and surrounding tissues.

Similarly, plain radiography is an essential study used during management, in order to evaluate structural changes of the tumor in response to chemotherapy and before surgery. On ultrasound, tumor regression in soft tissues can be assessed. Moreover, follow-up MRI studies are also performed \[[@b1-poljradiol-82-227],[@b2-poljradiol-82-227]\]. The scope of surgery depends on the tumor size and its relationship to the surrounding tissues. The aim of surgery is a total resection with a margin of healthy tissue. Limb-sparing surgery is now the mainstay of treatment, which is enabled by endoprostheses, especially growing prostheses \[[@b3-poljradiol-82-227]\]. After resection and endoprosthesis implantation, plain radiography and ultrasonography are routinely used.

The aim of this study was to assess the capabilities of the two simplest, most cost-effective and safest imaging modalities used to look for complications of limb endoprosthesis implantation in children with bone tumors.

Material and Methods
====================

We included 155 patients from the Department of Oncological Surgery of Children and Adolescents, Institute of Mother and Child (IMC), Warsaw, Poland, who underwent implantation of endoprostheses between 2000 and 2008 and were diagnosed in the Department of Diagnostic Imaging, IMC. The reasons for implanting endoprostheses were -- osteosarcoma (122 patients), Ewing's sarcoma (16 patients), chondrosarcoma (14 patients), PNET (3 patients) and small cell carcinoma (1 patient). The age ranged from 6 to 26 years (mean age of 15 years). There were 65 girls and 90 boys. The following prostheses were implanted -- knee prosthesis (113 patients), bilateral knee prosthesis (1 patient), shoulder prosthesis (16 patients), hip prosthesis (14 patients), hip and knee prosthesis (11 patients) and femoral prosthesis (1 patient).

All patients underwent radiographic and ultrasound studies.

Results
=======

Following implantation of prostheses, complications were found in 50 patients (32%). They are presented in [Table 1](#t1-poljradiol-82-227){ref-type="table"}.

Inflammation and recurrence were confirmed by a biopsy.

Prostheses were exchanged in 5 patients because of fracture (3.2%) and in 3 patients (1.9%) because of inflammation -- one patient underwent two exchanges.

Discussion
==========

According to the report of the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), the widespread belief that children are generally 2--3 times more sensitive to ionizing radiation than adults in the context of malignant tumors formation is not fully correct, since in 15% of cancers (e.g. colon cancer) susceptibility of children is comparable to that of adults. Similarly, in 10% of cancers (e.g. lung cancer), radiation exposure in children is less significant than in adults \[[@b4-poljradiol-82-227]\]. However, it is certain that 25% of cancers in children are associated with a greater sensitivity to radiation. These cancers include leukemia, thyroid cancer, skin cancer and brain cancer \[[@b4-poljradiol-82-227],[@b5-poljradiol-82-227]\]. Children with malignant tumors are frequently exposed to imaging studies associated with ionizing radiation exposure. For instance, in our patients with bone tumors, we repeatedly performed plain radiography and chest CT to look for lung metastases, which resulted in a high accumulated radiation dose. It has been demonstrated that in children who receive approximately 50 mGy of radiation the risk of leukemia is increased three-fold \[[@b6-poljradiol-82-227]\].

The aim of treatment in the case of cancer is a complete remission and therefore all care should be given to minimize the necessary dose of radiation, which can negatively influence future life of patients. Therefore, in children the diagnostic work-up for bone tumors includes plain radiography, ultrasonography and MRI, and CT is only performed to look for lung metastases. Similarly, we wanted to minimize radiation exposure in children in whom we looked for complications of limb endoprostheses. Therefore, we used only radiography and ultrasonography.

Despite its complications, implantation of limb endoprostheses, especially growing endoprostheses, is the method of choice for treating patients with bone tumors, which assures comfortable and optimal everyday functioning. The possible complications of limb endoprostheses have been described in detail \[[@b7-poljradiol-82-227]\], but their imaging is less well known \[[@b8-poljradiol-82-227]\].

According to some authors, complications occur in up to 85% of patients over a period of 5 years since implantation, including infections (4--12%), loosening of prosthesis (4--8%), fractures (1.6--4%) and local recurrence (4%) \[[@b9-poljradiol-82-227],[@b10-poljradiol-82-227]\]. In our patients, only 32% had complications with a follow-up of up to 8 years.

Mechanical complications of endoprostheses, i.e. loosening, dislocation, fracture, are diagnosed solely based on radiography, which was also true in our study \[[@b8-poljradiol-82-227]\]. In the available literature, there are no definite criteria of a loosened prosthesis in children with bone tumors after limb-sparing surgery. Some reports on cancer patients use orthopedic criteria that have been created for patients after hip replacement. It is normal to see a narrow zone of bone radiolucency (smaller than 2 mm) around the endoprosthesis, which can be accompanied by thin, sclerotic rim, unless there is no progression over 2 years. If this zone becomes wider, with a resultant increased bone radioopacity and with increased cortical layer, a loosening of endoprosthesis can be a cause \[[@b11-poljradiol-82-227],[@b12-poljradiol-82-227]\]. Moreover, plain radiography can show evident mechanical complications such as prosthesis dislocation or a change of its axis. Infections following prosthesis implantation are serious complications and often can prompt removal of the prosthesis, implantation of temporary prosthesis and long-term anti-inflammatory treatment. According to some authors, infections constitute 1--15% of all complications \[[@b13-poljradiol-82-227]\]. Infectious complications can be seen in the period from one month to 4 years after prosthesis implantation. The condition of soft tissues before surgery is important in this respect. The risk of infection is not related to the bone length than is resected \[[@b14-poljradiol-82-227]\]. After large reconstructive surgeries, the rate of infectious complications can be as high as 22.5% \[[@b15-poljradiol-82-227],[@b16-poljradiol-82-227]\]. In our study, infectious complications were seen most frequently and were found in 7.7% of children, which constituted 24% of all complications.

Inflammatory complications and local recurrence were difficult to assess. These complications are assessed primarily with the use of ultrasound as the metal parts of endoprostheses produce artifacts in CT and MRI \[[@b8-poljradiol-82-227]\]. An ultrasound examination can help detect thickening of the synovial membrane with its increased vascularity, fluid collections, abscesses or disorganized tissue masses suggesting recurrence. The thickening of the synovial membrane with increased vascularity as well as enlarged regional lymph nodes can indicate an inflammatory process. Often it is accompanied by fluid collections at the level of the prosthesis. Areas of dense, encapsulated fluid accompanied by enlarged lymph nodes can indicate abscess formation. Fluid collections can also appear when the operated limb is strained.

New abnormal tissue masses with a good vascular supply and abutting the stump as well as evidence of bone destruction suggest disease recurrence, which should prompt further work-up, including a biopsy. Naturally, inflammatory changes can also cause bone destruction and therefore a histopathological verification is necessary. Elevated levels of inflammatory markers can suggest an inflammatory process and not disease recurrence.

Currently, PET/CT is used widely; however, it cannot differentiate between inflammatory changes and disease recurrence. In a study of children with sarcomas of long bones and soft tissues, this method had 100% sensitivity and 92% specificity in recurrence detection, with the only false positive result attributed to an inflammatory process \[[@b16-poljradiol-82-227]\]. In order to reduce the dose of radiation, the role of PET/MRI is emphasized (73% reduction). However, because of false positives in cases of inflammatory changes, biopsy is crucial. This approach was also applied in our study, and all patients with suspected inflammatory changes around the prosthesis or disease recurrence, based on ultrasonography, had a histopathological verification.

Conclusions
===========

The safest, most cost-effective, simplest and serially used imaging modalities such as radiography and ultrasound play a crucial role in monitoring patients after limb prosthesis implantation. In our patients, complications found with the use of these methods were confirmed clinically and did not require further work-up with MRI or CT. The differentiation between inflammatory changes and disease recurrence had to be made based on a histopathological examination.
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![10-year-old boy with osteosarcoma of the tibia one year after implantation of knee prosthesis. (**A**) Ultrasonography: fluid collection at the level of the knee joint, thickened synovium and soft tissues along the stem of the prosthesis. (**B**) X-ray: knee prosthesis in the normal position. Thickened soft tissues at the level of the knee joint and along the prosthesis, peripherally calcified. Inflammatory changes were diagnosed.](poljradiol-82-227-g001){#f1-poljradiol-82-227}

![17-year-old boy with femoral osteosarcoma one year after implantation of endoprosthesis. X-ray: fracture of the femoral stump.](poljradiol-82-227-g002){#f2-poljradiol-82-227}

![17-year-old boy with femoral osteosarcoma one month after implantation of endoprosthesis. X-ray: fracture of the femoral stump.](poljradiol-82-227-g003){#f3-poljradiol-82-227}

![16-year-old boy with femoral osteosarcoma six years after implantation of endoprosthesis presenting after trauma. X-ray: fracture of the prosthesis.](poljradiol-82-227-g004){#f4-poljradiol-82-227}

![26-year-old patient with femoral osteosarcoma five years after implantation of endoprosthesis. X-ray: loosening of the prosthesis at the level of the femoral stump.](poljradiol-82-227-g005){#f5-poljradiol-82-227}

![19-year-old boy with femoral chondrosarcoma one year after implantation of hip endoprosthesis. X-ray: joint dislocation.](poljradiol-82-227-g006){#f6-poljradiol-82-227}

![16-year-old boy with Ewing's sarcoma one year after implantation of hip endoprosthesis. X-ray: osteolytic area in the medial femoral condyle. Disease recurrence was diagnosed.](poljradiol-82-227-g007){#f7-poljradiol-82-227}

![15-year-old boy with tibial osteosarcoma one year after implantation of prosthesis. (**A**) X-ray: osteolytic defect in the medial femoral condyle. (**B**) Ultrasonography: solid tumor next to the defect with rich vascular supply. Disease recurrence in the femur was diagnosed.](poljradiol-82-227-g008){#f8-poljradiol-82-227}

###### 

Complications after implantation of limb endoprostheses in the studied patients.

  Complication                                                                                                             Case number   Percentage of the studied group   Percentage of complications
  ------------------------------------------------------------------------------------------------------------------------ ------------- --------------------------------- -----------------------------
  Inflammatory lesions in soft tissues and bones ([Figure 1A, 1B](#f1-poljradiol-82-227){ref-type="fig"})                  12            7.7                               24
  Stump fracture ([Figures 2](#f2-poljradiol-82-227){ref-type="fig"}, [3](#f3-poljradiol-82-227){ref-type="fig"})          11            7                                 22
  No elongation or shortening of prosthesis                                                                                7             4.5                               14
  Prosthesis fracture ([Figure 4](#f4-poljradiol-82-227){ref-type="fig"})                                                  4             2.5                               8
  Fracture of other bone in the operated limb                                                                              4             2.5                               8
  Loosening of endoprosthesis ([Figure 5](#f5-poljradiol-82-227){ref-type="fig"})                                          3             1.9                               6
  Joint dislocation ([Figure 6](#f6-poljradiol-82-227){ref-type="fig"})                                                    2             1.3                               4
  Stump and endoprosthesis fracture                                                                                        1             0.6                               2
  Local recurrence ([Figures 7](#f7-poljradiol-82-227){ref-type="fig"}, [8A, 8B](#f8-poljradiol-82-227){ref-type="fig"})   6             3.9                               12
  **Total**                                                                                                                **50**        **31.9**                          **100**
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